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IDIOPATHIC HYPERLIPEMIA AND PRIMARY HYPERCHOLES-
TEREMIC XANTHOMATOSIS
VIII. EFFECTS OF PROTAMINE ON THE ELECTROPHORETIC AND ULTEACENTRIF-
UGAL CHANGES PRODUCE!) IN THE SERUM BY HEPARIN*
WALTER F. LEVER, MI). xn MARY E. LYONS, M.S.
In our study of patients with idiopathic hyperlipemia and primary hyper-
cholestereniic xanthomatosis, the observation was made that heparin, on pareri-
teral administration, because of its effect on the serum lipoproteins, produced
characteristic changes in the electrophoretic and ultracentrifugal patterns of the
serum in both diseases (1—4). Since protamine neutralizes the anticoagulant
action of heparin (5) and is known to have an effect on the serum lipoproteins
(6—9) it was decided to study the effects of protaminc on the changes produced by
hcparin in the electrophoretic and ultracentrifugal patterns of patients with
idiopathic hyperlipemia and primary hypercholesteremic xanthomatosis.
It has been known for some time that protamine neutralizes the anticoagulant effect of
heparin. The ratio of protamine sulfate to heparin necessary for neutralization of the anti-
coagulant effect of heparin was found by LeRoy, Halpern and Dolkart (5) to he 1.5:1.
W. 1). Brown (6), in 1952, reported that an injection of protamine, when given to rats
in an alimentary lipemic state, caused within seven minutes an increase in the numher of
chylomicra, the degree of turbidity and the amount of fatty acids in the serum, and thus had
an effect exactly opposite to that of heparin. Furthermore, when rats, during alimentary
hyperlipemia, were given intravenous injections first of heparin and then of protamine,
there was at first, after heparin, a decrease and then, after protamine, an increase in the
number of chylomicra, in the degree of turbidity and in the amount of fatty acids in the
serum. Brown assumed that protamine, being highly positively charged, had considerable
affinity for the negatively charged heparin and neutralized the negative charges of heparin,
thus withdrawing it from electrovalent union with a third substance. In a subsequent
communication, Brown (7), on separating chylomicra from the serum, found that the effects
of heparin and protamine were confined almost exclusively to the fatty acids present in
the chylomicra.
Bragdon arid Havel (5) found, after an intravenous injection of 1 mg. of protamine to
fastiug rats, an increase in the amount of serum total lipids. The increase was first noted
15 minutes after the injection and reached its peak after 1 hour with an average increase of
46 per cent above the base level. After 2—4 hours the values had returned to their initial
level. Of the various types of lipids the phospholipids and the neutral fat showed a great
increase, hut the cholesterol only a slight increase. Ultracentrifugal analyses revealed,
after the injection of protamine, a considerable increase in the Sf20—SO class of lipoproteins,
a less pronounced hut still significant increase in the Sr 10—20 class, no change in the S
3—8 class and a decrease in the alpha lipoproteins. Since the serum of animals having received
protamine showed light scattering during the acceleration of the ultracentrifuge while
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the serum of control animals injected with saline solution showed none, the authors cow.
eluded that after the injection of protamine, lipoproteins of Sf values higher than 80 must
have been present in the serum although they could not be quantitatively determined with
the methods employed.
Gruner, Hilden and Hilden (9) who performed their studies on human beings found that
in fasting individuals an injection of protamine caused a rise in the number of chylomicra.
However, when protamine was given 2)4 hours after the ingestion of 150 ml. of a 13 per
cent cream, no definite effect on the number of ehylomicra was noted. When 20mg. of heparin
were injected 2)4 hours after the test meal, and 30 minutes later 100 mg. of protamine sul-
fate were given, the effect of heparin in producing a decrease in the number of ehylomicra
was almost completely abolished.
So far no electrophoretic studies after the injection of protamine have been
reported: neither have ultracentrifugal analyses been carried out for the purpose
of studying the effect of protamine on the changes produced by heparin in the
ultracentrifugal pattern.
METHODS
Four patients with idiopathic hyperlipemia and 3 patients with primary hyper-
cholesteremic xanthomatosis were given 100 mg. of heparin intravenously in the
fasting state, Fifteen minutes later a sample of blood was taken and 200 mg. of
protamine sulfate were injected intravenously. Two samples of blood were then
taken, the first 15—30 minutes and the second 45—60 minutes after the injection
of protamine. The blood was allowed to clot and, after slow centrifugation, the
serum was removed.
Electrophoretic analyses vere carried out in a Perkin-Elmer Tiselius
electrophoresis apparatus, Model 58, using a barbital-sodium citrate buffer of
pH 8.6 and ionic strength 0.1.
Ultracentrifu gal analyses were performed as described in a previous communica-
tion (2).
RESULTS
1. Idiopathic Hyperlipemia
Electrophoretic Analyses. Electrophoretic analysis of the native serum of 2
patients with idiopathic hyperlipemia revealed in both patients an elevation of
the alpha-2 globulin above the normal average of 10 per cent of the total proteins.
The degree of elevation was considerable in Patient 1 with a value of 16.8 per
cent and was slight in Patient 2 with a value of 11.2 per cent (Fig. 1 and Table 1).
These findings are in accordance with our previous findings (10, 3) that in idio-
pathic hyperlipemia the electrophoretic pattern of serum shows an elevation
either of the alpha-2 globulin alone or of both the alpha-2 and beta-i globulins. The
fact that the elevation of the alpha-2 globulin in Patient 2 was slight is due to the
fact that this patient, at the time of the electrophoretic analysis, was in a nearly
complete remission of her disease, since she had been treated first \vith infusions
of cottonseed oil emulsion (11) and then with a diet low in animal fat, as well as
with oral administration of a peanut oil emulsion.
Fifteen minutes after the injection of 100 mg. of heparin, the electrophoretic
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FIG. 1. Effects of heparin and protamine on the electrophoretic pattern of Patient 1
svith idiopathic hyperlipemia. In the native state (left pattern) the alpha-2 globulin peak
is elevated. Fifteen minutes after the intravenous injection of 100 mg. of heparin (middle
pattern) the alpha-2 globulin peak and also the beta-i globulin peak have become reduced
in size and a pre-albumin peak (arrow) has appeared. Fifteen minutes after the injection
of protamine (right pattern) the pre-albumin peak has disappeared and the pattern re-
sembles that of the native serum. (For exact data, see Table 1.)
pattern in both patients showed the following changes: first, a decrease in the
size of the elevated alpha-2 globulin; second, a decrease in the size of the beta-i
globulin to a subnormal amount, and third, appearance of a component migrating
faster than albumin (Fig. 1 and Table 1). The pre-albumin component amounted
to 7.0 per cent of the total proteins in Patient 1 and to 4.7 per cent in Patient 2.
As shown previously by means of plasma fractionation and paper electrophoresis
(4), the pre-albumin component represents the alpha lipoproteins, the electro-
phoretic migration of which is accelerated by heparin. (The beta lipoproteins,
after the injection of heparin, also show an acceleration of their speed of migra-
tion to approximately that of albumin; but they cannot be visualized in electro-
phoretic patterns obtained by the Tiselius method since they are concealed by the
albumin peak. They can however be seen in patterns obtained by paper electro-
phoresis, when the paper strips are stained for lipids (3, 4).)
The injection of protamine, within 15 minutes, caused, in both patients
complete disappearance of the heparin-induced pre-albumin peak and an increase
in the size of the alpha-2 and beta-i peaks, so that the electrophoretic patterns
had nearly the same appearance as prior to the injection of heparin.
Ultraeentrifu gal Analyses. TJltracentrifugal analyses of the beta lipoproteins
were carried out in 4 patients with idiopathic hyperlipemia. The results in the
native serum were similar to those previously reported by us (2): in all 4 patients
large amounts of lipoproteins were present in the S1 100—400 and 30—70 classes
A
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TABLE 1
Effects of intravenons injections of first 100 my. of heparin and then 200 my. of protamine On
the electrophoretic pattern of the serum of 2 patients with idiopathic hyperlipemia
(I.H.) and 3 patients with primary hypercholesteremic xanthomalosis (P.H.X.)
Patient State of Serum
Relative Electrophoretic Values
Pre-A A a-i a-2 5-1 3-2
Per Cent of Total Protein
Normal range
Low
High
Normal average
47.0
57.0
54.0
3.0
8.0
5.0
6.0
12.0
10.0
11.0 2.0
15.0 6.0
13.0 4.0
10.0
17.0
14.0
I.H.
Pat.1
1.11.
Pat. 2
P.H.X.
Pat. 1
P.H.X.
Pat.2
P.H.X.
Pat.3
Fasting
Heparin
15'prot.
45'prot.
Fasting
Heparin
15'prot.
45'prot.
Fasting
Heparin
15'prot.
45'prot.
Fasting
Heparin
15'prot.
45' prot.
Fasting
Heparin
15'prot.
7.0
4.7
50.4
59.7
60.2
57.7
54.2
55.6
57.3
56.1
49.8
48.2
50.6
49.3
50.1
47.1
49.1
47.1
48.1
46.1
44.6
4.0
2.1
3.0
2.4
3.4
2.0
3.4
3.6
2.6
2.9
3.4
2.5
4.6
6.9
7.0
4.6
2.9
4.7
5.0
16.8
7.0
15.0
19.9
11.2
9.9
11.2
10.2
10.4
19.3
9.9
12.8
13.0
17.2
10.7
15.0
12.4
11.3
11.3
11.9
7.2
8.6
8.1
11.9
7.6
10.1
10.1
19.6
9.0
18.5
13.8
18.3
9.7
18.1
15.9
17.8
15.0
13.1
3.3
4.7
1.6
1.2
1.9
3.8
1.9
2.2
3.1
2.8
2.7
4.1
2.2
5.8
3.1
3.6
1.9
4.8
4.1
13.6
12.3
11.6
10.7
17.4
16.4
16.1
17.8
14.5
17.8
14.9
17.5
11.8
13.4
12.0
13.8
17.1
15.9
27.7
(Figs. 2 and 3), whereas normal sera contain few or no lipoproteins in that range.
In one of the patients (Patient 2), the amount of lipoproteins in the Sf 100—400
class was so great that the pattern in that region was obscured by turbidity, mak-
ing quantitative measurements impossible. The amount of lipoproteins in the Sf
12—20 class in 3 patients was significantly increased above the normal limit of 50
mg. per 100 ml. of serum, namely to value of 123, 140 and 300 mg., respectively,
while in 1 patient (Patient 2) it was within the normal limits (Fig. 2). On the
other hand, the amount of lipoproteins in the S1 1—10 class was decreased in all 4
patients below the normal range, which extends from 200—300 mg. per 100 ml. of
serum.
The intravenous injection of heparin caused, as already reported in a previous
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fle. 2. Tlltracentrifugal patterns of Patient 3 with idiopathic hyperlipemia. In the
native state (upper pattern) the amounts of lipoproteins in the St classes 100—400, 30—70
and 12—20 are greater than normal while the amount in the St class 1—10 is helow normal.
Fifteen minutes after the intravenous injection of 100 mg. of heparin (middle pattern) the
amounts of lipoproteins in the high St classes 100—400 and 30—70 have decreased while those
in the low S classes 12—20 and 1—10 have increased. Sixty minutes after the intravenous
injection of 200 mg. of protamine (lower pattern) the trend has heen reversed: the amounts
of lipoproteins in the high S classes have increased and those in the low S classes have
decreased (For data see Fig. 3).
series of patients (2), a shift of lipoproteins from the higher to the lower S
Classes. The amount of lipoproteins in the Sf 100—400 class decreased significantly
in all 3 patients in whom measurements had been possible (Fig. 2). In the Sc
30—70 class the amount of lipoproteins decreased in 3 patients and did riot change
in I (Patient 1). On the other hand, the amounts of lipoproteins in the Sc 12—20
and 1—10 classes increased in all 4 patients. This increase in the Sf 12—20 class was
of striking proportion in 2 patients (Patients 1 and 3) in whom the Sf 12—20 values
rose from 123 to 476 mg. and from 140 to 455 mg. per 100 ml. of serum, respec-
tively.
The injection of protamine caused a shift of lipoproteins from the lower to the
higher S classes, i.e., a reversal of the heparin effect (Figs. 2 and 3). The amounts
of lipoproteins in the Sc 100—400 class increased in all 3 patients in whom meas-
urements were possible. The amount in the Sf 30—70 range increased in 2 patients
and did not change in 2. In contrast, the amounts of lipoproteins in the S 12—20
and 1—10 ranges decreased in all patients. In general, the lipoprotein values in the
various S classes 60 minutes after the injection of heparin, were nearly the same
as prior to the injection of heparin.
/
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FIG. 3. Effects of heparin and protamine on the various S1 classes in the 4 patients with
idiopathic hyperlipemia. The first value for each Sr class on this chart represents the con-
centration of lipoproteins in mg./100 ml. of serum immediately before the injection of
heparin. The second value (Prot.) is that obtained 15 minutes after the injection of heparin,
just prior to the injection of protamine. The other values charted are those obtained 30
and 60 minutes after the injection of protamine.
2. Primary Hypercholesteremic Xanthomatosis
Eleetrophoretic Analyses. All of 3 patients with primary hypercholesteremic
xanthomatosis showed, as is usual in this disease, a significant increase in the
amount of beta-i globulin. The amount of beta-i globulin in the 3 patients was
19.6, 18.3 and 17.8 per cent of the total proteins, respectively, whereas the normal
average amount is 13 per cent.
The injection of heparin produced changes in the electrophoretic pattern in 2
of the 3 patients. These 2 patients showed, 15 minutes after the injection of
heparin, a decrease in the amount of beta-i globulin, from 19.6 to 9.0 per cent
and from 18.3 to 9.7 per cent, respectively, concomitant with an increase in the
alpha-2 globulin from 10.4 to 19.3 per cent and from 13.0 to 17.2 per cent,
respectively (Table 1 and Fig. 4). Thus the value for beta-i globulin in these 2
patients decreased from abnormally high to abnormally low values. This great
decrease in the amount of beta-i globulin is caused by a shift of the beta lipopro-
teins from the beta-i globulin peak to the alpha-2 globulin peak (3, 4).
The injection of protamine reversed the shift of the beta lipoproteins which
had been induced by heparin in 2 of the 3 patients. Following the injection of
1200 — Patient *1
Patient *2
Patient *3
Patient P4
PROT. 30' 60'
SF /—/0
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FIG. 4. Effects of heparin and protamine on the electrophoretic pattern of Patient 1
with primary hypercholesteremic xanthomatosis. In the native state (left pattern) the
beta-i globulin peak is elevated. Fifteen minutes after the intravenous injection of 100
mg. of heparin (middle pattern) the beta-I globulin peak has decreased in size and the
alpha-2 peak has increased. Fifteen minutes after the injection of protamine (right pattern)
the beta-i globulin peak again is elevated and the alpha-2 peak has returned to normal
size. (For exact data, see Table 1.)
protamine the electrophoretic pattern of these 2 patients assumed the same
appearance it had had prior to the injection of heparin (Table 1). In the third
patient in whom heparin had Caused no changes, protamine produced no changes
either.
Ultracentrifu gal Analyses, Analyses carried out in 2 patients showed in both
patients a considerably larger amount of beta lipoproteins iii the S1 1—10 class
than are normally present. The amounts were 548 and 570 tug. per 100 ml. of
serum, respectively, while normally the amount is between 200 and 300 mg. (2).
The concentration of beta lipoproteins in the S class 12—20 was small, amounting
to 7 and 10 mg. per 100 ml., respectively. No measurable amounts of beta
lipoproteins were present in the S classes 30—70 and 100—400. Neither the injec-
tion of heparin nor that of protamine produced a change.
DI5CUS5ION
The significant finding in this study is the reversal by protamine of the changes
produced by heparin in the electrophoretic and ultracentrifugal patterns of our
patients with idiopathic hyperlipemia and primary hypercholesteremic xantho-
matosis. Electrophoretic analysis revealed that protamine in both diseases
completely abolished the increase in speed of migration of the lipoproteins
brought on by heparin. Ultracentrifugal analysis revealed in all 4 of our patients
with idiopathic hyperlipemia a reversal by protamine of the shift of lipoproteins
from the higher to the lower S classes induced by heparin. In our 2 patients with
'd2 /3
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primary hypercholesteremic xanthomatosis in whom heparin had produced no
changes in the ultracentrifugal pattern because of the absence of lipoproteins in
the higher Sf classes, protamine caused no changes either.
A reversal of the heparin-induced changes merely on the basis of a natural
wearing-off of the heparin effect carl be excluded. In idiopathic hyperlipemia we
had previously reported that the effect of an intravenous injection of heparin on
the ultracentrifugal and electrophoretic patterns was at least as great, if not
greater, 60 minutes after the injection than 15 minutes after the injection (2, 3)
and that it took about 16 hours for the effect of heparin on the electrophoretic
pattern to wear off (3). In primary hypercholesteremic xanthomatosis the effect
of intravenously injected heparin was found to be shorter in duration than in
idiopathic hyperlipemia. Although the effects of heparin on the ultracentrifugal
pattern were still present 1 hour after the injection (2), the effects on the electro-
phoretic pattern had worn off after 1 hour (3). By injecting the protamine 15
minutes after the injection of heparin and taking samples 15 minutes after the
injection of protamine we believe that we have obtained a true protamine effect.
We found that in our patients with idiopathic hyperlipemia the effect of
protamine, when given after an injection of heparin, extended over all the Sc
classes of the beta lipoproteins, from the S1 100—400 class to the S1 1—10 class, and
was not limited to the chylomicron group of lipoproteins (Sf 100—400 and 30—70
classes), as W. D. Brown (7) had concluded from his experiments. Since we have
not given protamine without injecting heparin previously we cannot compare our
results with the ultracentrifugal analyses of Bragdon and Ravel (8) who had
found that in fasting rats protamine caused significant increases in the S1 20—80
and 10—20 classes but no change in the S1 3—8 fraction.
It is generally agreed that protamine neutralizes the anticoagulant effect of
heparin. It is possible, therefore, that in our experiments protamine reversed the
heparin-induced changes in the electrophoretic and ultracentrifugal patterns by
neutralizing heparin. On the other hand, the experiments by Bragdon and Ravel
(8) indicate that protamine causes similar changes in the ultracentrifugal pattern
even without a previous injection of heparin. Thus, it is entirely possible that the
protamine in our cases acted on the lipoproteins independent of heparin. Very
little is as yet known about the mode of action of protamine on the lipoproteins
and further studies will be necessary before an adequate hypothesis of its action
can be offered.
SUMMARY
Four patients with idiopathic hyperlipemia and 3 patients with primary
hypercholesteremic xanthomatosis were given first an injection of heparin and
then one of protamine.
In idiopathic hyperlipemia, heparin produced in the electrophoretic pattern
an increase in the speed of migration of the lipoproteins resulting in the develop-
ment of a pre-albumin component representing the alpha lipoproteins. The
subsequent administration of protamine caused disappearance of the pre-albumin
component. In the ultracentrifugal pattern, heparin caused a shift of lipoproteins
from the higher to the lower SI classes. This shift was reversed by protamine.
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In primary hypercholesteremic xanthomatosis, heparin caused in the electro-
phoretic pattern an increase in the speed of migration of the beta lipoproteins so
that they migrated with the speed of alpha-2 globulin. This acceleration in the
speed of migration was abolished by protamine. Because the serum of our patients
with primary hypercholesteremic xanthomatosis contained no lipoproteins of
high S classes, heparin produced no changes in the ultracentrifugal pattern.
Protamine produced no changes either.
It is not possible to decide from our observations whether protamine acted by
neutralizing heparin or by acting independently of heparin.
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DISCUSSION
Dx. THEOnORE COENBLEET, (Chicago, Ill.): Dr. Lever found what might be
expected from the use of protamine, since it is thought it forms a protein conju-
gate with heparin, and in that sense the action is one of neutralization. It would
serve some purpose, I believe, to repeat this work, using toluidine blue instead of
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protamine as the antagonist to heparin. Toluidine blue, instead of conjugating
with heparin, is supposed to compete for some of the reactivity groups.
DR. WALTER F. LEVER, (in closing): There is considerable speculation at present
as to whether heparin is involved in the physiologic clearing of post-alimentary
hyperlipemic blood. Korn (J. Biol. Chem. 215: 1, 1955) has demonstrated in
normal rat heart the presence of an enzyme identical with the clearing factor
which appears in the blood after the administration of heparin. This observation
had led him to suggest that the so-called clearing factor is a lipoprotein lipase
which is activated by heparin and that this heparin-activated lipoprotein lipase
plays a major role in normal lipid metabolism.
